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缩略语 英文全名 中文全名 
MDR Multidrug resistance 多药耐药 
BCRP Breast cancer resistance protein 乳腺癌耐药蛋白 
MRP2 Multidrug resistance associated protein 2 多药耐药相关蛋白 2 
Bcl-2 B-celllymphoma-2 B 淋巴细胞瘤-2 基因 
ATM Ataxia-telangietisa mutant 毛细血管扩张共济失调突变 
NF-κB Nuclear factor kappa B 核因子-κB 
RHD Rel homology domain Rel 同源结构域 
NLS Nuclear location sequence 核定位序列 
IκBα Inhibitor of nuclear factor kappaB α 核因子-κB 抑制因子 
IKK Inhibitor of nuclear factor kappa-B kinase 核因子-κB 抑制因子激酶 
SUMO Small ubiquitin-related modifier 小泛素相关修饰物 
CPT Camptothecin 喜树碱 
DDP Cisplatin 顺铂 
BSA Bovine serum albumin 牛血清白蛋白 
FBS Fetal bovine serum 胎牛血清 
FACS Fluorescence Activated Cell Sorting 流式细胞术 
PBS Phosphate buffered saline 磷酸盐缓冲液 
PI Promide iodine 碘化丙啶 
Tris  Trihydroxymethyl aminomethane 三羟甲基氨基甲烷 
SDS Sodium dodecyl sulfate 十二烷基磺酸钠 
TBS Tris Buffered Saline Tris 缓冲液 
EDTA Ethylenediamine tracetic acid 乙二胺四乙酸 
TEMED N,N,N‟,N‟-Tetramethylethylenediamine 四甲基乙二胺 
ACh Acetylcholine 乙酰胆碱 
α7 nAChR α7 nicotinic acetylcholine receptor α7 烟碱型乙酰胆碱受体 
CAP Cholinergic anti-inflammatory pathway 胆碱能抗炎通路 
LPS Lipopolysaccaride 脂多糖 
SARS Severe Acute Respiratory Syndromes 严重急性呼吸综合征 
MAPK Mitogen activated protein kinase 丝裂原活化的蛋白激酶 
PI3K Phosphatidylinositol-3 kinase 磷脂酰肌醇 3 激酶 
AKT Protein Kinase B 蛋白激酶 B 
















Mek Mitogen-activated protein kinase kinase 丝裂原活化蛋白激酶激酶 
Jak/Stat 




Jak2 Janus kinase signal transducers 2 蛋白酪氨酸激酶 2 
Stat3 




Tumor necrosis factor-α induced protein-8-like 2, 
TIPE2 
肿瘤坏死因子 α 诱导蛋白 8
型-2 
TCR T cell receptor T 细胞受体 
TLR Toll like receptor Toll 样受体 



















胞产生 MDR 的机制，本课题以人肺癌细胞系 NCI-H446 细胞为肺癌模型，分









NCI-H446 明显凋亡的前提下，可明显改变 NCI-H446 细胞线粒体膜电位并上调
多药耐药蛋白 ABCG2、MRP2 和抗凋亡蛋白 Bcl-2 表达；其次，低剂量喜树碱
和顺铂可有效激活 ATM 信号通路，并上调细胞质内 p65 和 IκBα 的磷酸化水平
进而促进 p65 的核转位；再次，ATM 磷酸化激酶抑制剂 CGK733 能有效抑制喜
树碱诱导的细胞质内 p65 和 IκBα 的磷酸化水平及细胞核内 p65 的表达；最后，
ATM 和 NF-κB 信号通路抑制剂 CGK733 和 BAY11-708 均能有效抑制由喜树碱
所诱导的 ABCG2、MRP2 和 Bcl-2 上调。上述结果提示，喜树碱和顺铂可通过
激活肺癌细胞 NCI-H446 中 ATM/NF-κB 信号通路上调多药耐药蛋白 ABCG2、
























因子，在细胞因子信号传递中起着主导作用，但 TIPE2 与 Stat3 在尼古丁介导
的抗炎通路中的可能作用及机制有待深入研究。 
本课题首先以 Western blot 检测尼古丁对 Erk1/2、PI3K/Akt 和 Jak2/Stat3
信号通路的激活情况；其次，先以相关信号激酶抑制剂阻遏激酶活性，再给予
尼古丁刺激，以 Western blot 探讨尼古丁调控 TIPE2 表达的分子机制；再次，
分别以 Western blot、流式细胞术胞内染色检测 TIPE2 过表达对 LPS 所致的
NF-κB 通路激活及炎症因子 IL-1β、IL-2、IL-6、IL-10 和 TNF-α 释放的影响；
接着，以 Stat3 激酶抑制剂 AG490 阻遏其激酶活性，再给予尼古丁刺激，以免
疫印迹法和免疫荧光激光共聚焦技术探究 Stat3 在尼古丁调控 NF-κB 活性中的
作用；最后，以免疫共沉淀法检测尼古丁刺激对 Stat3 与 NF-κB p65 的结合情况，
从而初步阐明尼古丁通过 NF-κB 通路调控炎症反应的机制。 
结果发现：首先，1 µM 尼古丁刺激 Raw 264.7 细胞 5 min 后可激活 Jak2、
Erk1/2 和 PI3K/Akt 通路，3 hrs 后可激活 Stat3 通路；其次，Erk1/2 抑制剂 U0126、
Mek 抑制剂 PD98059、PI3K 抑制剂 Wortmannin 和 LY294002 均能明显抑制尼
古丁对 TIPE2 的上调作用，其中 U0126、PD98059、LY294002 抑制作用最为明
显；再次，LPS 刺激后 15、30 min，TIPE2 过表达可使 IKKα/β 的磷酸化水平明
显低于空载细胞；第四，TIPE2 过表达可抑制 LPS 所致的 IL-1β、IL-2、IL-6、
IL-10 和 TNF-α 的释放，其抑制率分别为 12.5%、12.5%、25%、12.5%和 14.3%；
第五，在 LPS 刺激的条件下，尼古丁预处理可明显增加胞质中的 p65，而以
AG490 阻遏 Stat3 磷酸化可降低尼古丁所上调的胞质中 p65；细胞核 p65 检测结
果则与细胞质结果呈负相关；最后，免疫共沉淀结果显示，尼古丁预处理增强
p65 与 p-Stat3 的结合。 
通过以上研究，我们发现尼古丁可通过上调 TIPE2 表达和 Stat3 磷酸化而
对促炎因子所致的NF-κB通路活化发挥负调控作用，进而减少炎症因子的释放。




































Chemotherapy plays a significant role in the comprehensive treatment of lung 
cancer, However, multidrug resistance (MDR) formation is an important problem in 
lung cancer chemotherapy. To explore the mechanism of MDR formation in lung 
cancer cells after chemotherapy, human small cell lung cancer NCI-H446 cells were 
exposed to different concentrations of camptothecin or cisplatin for 18 hrs and cell 
apoptosis, mitochondrial membrane potential and cell viability were detect by flow 
cytometry using Annexin-V/PI, Rhodamine 123 and Calcein-AM respectively. Then, 
the expressions of ABCG2, MRP2 and Bcl-2 were determined by Western blot. 
Moreover, ATM/NF-κB activation induced by camptothecin or cisplatin was explored 
by Western blot and confocal immunofluorescence assay. Finally，using kinase 
inhibitors, the mechanism of ABCG2, MRP2 and Bcl-2 up-regulation induced by 
camptothecin was further investigated by Western blot.  
Our data showed that lower dose (0.5 μg/ml) camptothecin or cisplatin could 
induce the change of mitochondrial membrane potential and up-regulate the 
expression of ABCG2, MRP2, and Bcl-2; Secondly, both camptothecin and cisplatin 
could induce the activation of ATM and NF-κB, which was further demonstrated by 
the increase of IκBα and p65 phosphorylation in cytoplasm and the translocation of 
p65 from cytoplasm to nucleus; Interestingly, inhibition of ATM phosphorylation by 
ATM inhibitor CGK733 could efficiently decrease camptothecin-induced IκBα and 
p65 phosphorylation in cytoplasm, which was further demonstrated by the decrease of 
p65 translocation from cytoplasm to nucleus; Most importantly, both NF-κB inhibitor 
Bay11-708 and ATM inhibitor CGK733 could decrease camptothecin-induced 
expression of ABCG2, MRP2 and Bcl-2. In conclusion, our data demonstrated that 
ABCG2 and MRP2, which contribute to multidrug resistance formation, could be 
up-regulated by chemotherapeutic agents by activating ATM/NF-κB pathway. ATM 

















The innate immune response could be caused by acute injury, leading to 
produce massive proinflammatory mediator, which damage vital organs` function. 
Hence, immunosuppressant, such as glucocorticoid, becomes an important drug to 
deal with excessive immune diseases such as SARS. “Cholinergic anti-inflammatory 
pathway” is a newly discovered nerve-immune regulation pathway, which 
characterized as the inhibition of excessive inflammatory response. As an 
acetylcholine receptor agonist, nicotine could effectively decrease proinflammatory 
cytokine production. But the exect mechanism of nicotine mediated 
anti-inflammatory pathway is still unclear. TIPE2, which belongs to TNFAIP8 family, 
is an important immune negative regulator. Meanwhile, Stat3 was also reported 
playing potential roles in nicotine-mediated anti-inflammatory pathway. But the 
exact roles of TIPE2 and Stat3 in nicotine-mediated anti-inflammatory process are 
still unclear.  
In present study, Raw 264.7 cells were firstly treated with nicotine for different 
periods and the phosphorylation of Erk1/2, PI3K/Akt and Jak2/Stat3 was detected by 
Western blot; Then, using kinase inhibitors, the mechanism of nicotine-mediated 
TIPE2 up-regulation and the effects of TIPE2 overexpression in LPS induced NF-κB 
activation or inflammatory cytokine production were explored by Western blot, flow 
cytometry respectively; Importantly, the effect of Stat3 phosphorylation induced by 
nicotine on p65 translocation was determined by Western blot and confocal 
immunofluorescence assay; Finally, the interactions between phosphorylated Stat3 
and p65 were determined by co-immunoprecipitation.  
Our results showed that: firstly, Jak2, Erk1/2 and PI3K/Akt pathway could be 
activated at 5 min after nicotine treatment. On the other hand, Stat3 pathway was 
also activated at 3 hrs by nicotine stimulation; Then, the U0126, PD98059, 
LY294002 and Wortmannin could efficiently reverse the up-regulation of TIPE2 
expression induced by nicotine treatment; Meanwhile, TIPE2 overexpression could 
inhibit LPS-induced IKKα/β phosphorylation and decrease LPS-induced IL-1β, IL-2, 
















25%, 12.5% and 14.3% respectively; Moreover, in LPS-treated condition, nicotine 
treatment could enhance p65 expression in cytoplasm, which was decreased 
accordingly by inhibitng Stat3 activation with AG490. At the same time, the 
translocation of p65 to nucleus was decreased by nicotine stimulation; Importantly, 
co-immunoprecipitation data showed that nicotine treatment could increase the 
interactions of phosphorylated Stat3 and p65 in cytoplasm, indicating that the 
translocation of p65 was inhibited by nicotine.  
All the results presented above indicated that: nicotine could up-regulate TIPE2 
and induce Stat3 activation, both of which could inhibit LPS-induced NF-κB 
activation and decrease inflammatory cytokines` expression. Our study revealed the 
mechanism of nicotine-mediated anti-inflammatory pathway, providing theoretical 
basis for the interaction of nervous system and immune system. 
Key words: ATM, NF-κB, ABCG2, MRP2, Small cell lung cancer, Inflammatory, 
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第一章 喜树碱和顺铂上调多药耐药蛋白 ABCG2 和 MRP2
的机制研究 
前 言 
小细胞肺癌（Small Cell Lung Cancer，SCLC）约占肺癌的 20%，恶性程度
高，转移早而广泛，对化疗、放疗敏感，初治缓解率高，但极易发生继发性耐
药，5 年生存率仅为 0%~5% [1,2]。肿瘤多药耐药（multidrug resistance，MDR）
的存在是小细胞肺癌治疗过程中疗效欠佳的一个重要原因。因此，克服肿瘤多
药耐药，尤其是获得性多药耐药是肺癌化疗中急需解决的问题。 
近年的研究发现，细胞膜上过量表达与 MDR 相关的一类 ABC 






如果可以阐明肺癌细胞启动 MDR 的信号通路，则可以从“源头”上来阻断 MDR
的产生，进而提高化疗的临床疗效。 
毛细血管扩张性共济失调突变基因（ATM）是 DNA 损伤检查点的中心成
员之一，具有丝氨酸/苏氨酸激酶活性[5,6]。ATM 作为 DNA 损伤信号传导通路
中最早的传感和中枢调控基因，当电离辐射或 DNA 损伤性化疗药物诱导 DNA 
损伤时，ATM 激酶的活性在 1 小时内即可增加 1.5-2 倍，启动信号传导的级联
反应而激活下游激酶 Chk1 和 Chk2，顺序磷酸化包括 p53、Cdc25A、Cdc25c 等
在内的底物，产生包括细胞周期阻滞、DNA 修复和凋亡等在内的效应。ATM
缺乏或者 ATM 基因突变的细胞则显示了对 DNA 损伤的高度敏感，表现为染色
体断裂的机率增加等 [7,8]。 


















RelA（p65）、RelB 和 C-Rel 这 5 种亚基。它们的共同特征是在其 N 端存在一
段保守的由 300 个左右氨基酸组成的 Rel 同源结构域（rel homology domain，
RHD），包括 Rel 蛋白间二聚体化位点、IκB 结合位点、DNA 识别序列和核定






有文献报道，在 HEK293 细胞中活化的 ATM 可以使 IKKγ 的 ser85 位磷酸
化，进而发生泛素化修饰并转运出细胞核，在细胞质内激活经典的 IKK 复合物
使 NF-κB 活化[13]。然而，在人小细胞肺癌中，ATM 和 NF-κB 信号通路是否参




先分别以 Annexin V-FITC/PI、罗丹明 123 和钙黄绿素 AM 染色流式细胞术检测
化疗药诱导肺癌细胞凋亡、线粒体膜电位变化及细胞活力；次以免疫印迹法检
测多药耐药蛋白 ABCG2、MRP2 和抗凋亡蛋白 Bcl-2 的表达情况；继以核质分
离结合免疫印迹法和免疫荧光激光共聚焦技术检测喜树碱和顺铂对 ATM 和
NF-κB 信号通路的激活情况；最后结合 ATM 和 NF-κB 通路选择性抑制剂 CGK 
733 和 BAY11-708 阻遏相关激酶活性，以免疫印迹法检测 ATM 磷酸化对
NF-κB 信号通路的影响以及对喜树碱和顺铂上调多药耐药蛋白 ABCG2、MRP2
和抗凋亡蛋白 Bcl-2 的分子机制。 
结果显示：第一，低剂量的喜树碱和顺铂（0.5μg/ml）在不引起肺癌细胞
NCI-H446 明显凋亡的前提下，能改变细胞线粒体膜电位并上调多药耐药蛋白
ABCG、MRP2 和抗凋亡蛋白 Bcl-2 表达。第二，低剂量喜树碱和顺铂可有效激

















第三，ATM 磷酸化激酶抑制剂 CGK733 能有效抑制喜树碱诱导的 IκBα 的磷酸
化以及 p65 的核转位。第四，ATM 和 NF-κB 信号通路抑制剂 CGK733 和
BAY11-708 均能有效抑制由喜树碱所诱导的 ABCG2、MRP2 和 Bcl-2 的上调。 
通过以上研究，我们发现在喜树碱和顺铂作用下，小细胞肺癌细胞通过激
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